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ABSTRACT 


Callus  cultures  have  been  Isolated  from  a  number  of  edible  planes 
and  maintained  n  simple  defined  media  for  extended  periods.  Crowth 
rates  are  alow  in  comparison  to  other  w.crobiai  systems,  and  increase 
tends  to  be  linear.  Static  cultures  on  solid  media  double  ..n  5-10  days, 
yield  up  to  0.26  mg  dry  weight  per  ml  per  day,  and  attain  *  maxiumum 
weight  of  about  12  m*  dry  weight  per  ml.  Suspension  cultur*0  double  in 
2-5  days,  yield  up  to  1.1  mg  dry  weight  per  ml  per  day,  and  attain  a 
maximum  weight  of  about  23  mg  dry  weight  per  ml.  ’“hese  growth  rates  are 
of  the  same  order  of  magnitude  as  those  for  higher  plants  g.owing 
conventionally.  Considerable  improvements  in  these  grovta  rates  will  be 
required  before  use  of  plant  cell  cultures  as  food  can  be  realized 
economically . 
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Intro due  cion 


The  culture  of  undif fere  ntiated  plea,:  cell*  begea  in  the  193)’* 
vlth  the  pioneer  eiadie*  of  Voice,  Bobbins,  Gautberet.  end  others  ( 26 ' 
Progrsss  was  slow  until  1942  when  Van  Overbeek  «i.j  Blekeslee  (23) 
introduced  the  us«  of  liquid  endosperm  of  the  coconut  for  the  culture  of 
plant  embryos,  and  it  was  discovered  that  coconut  milk  was  an  excellent 
source  of  organic  nutrients  and  growth  factors  for  many  plant  cells. 
Today  cells  isolated  from  all  parts  of  the  plant,  and  representing  a 
variety  of  plant  families  are  being  successfully  cultured  (6).  As 
knowledge  of  plant  hormones  and  growth  factors  has  developed  It  has 
become  possible  to  culture  many  plant  cells  on  fully  defined  media, 
either  as  masses  or,  solid  media,  or  in  suspension  in  liquid  media  (11, 
18).  Such  cultures  in  many  ways  resemble  microorganisms,  end  can  be 
grown  end  handled  in  similar  fashion.  Among  the  preducts  identified  in 
such  cultnres  are:  alkaloids  ineluding  nicotine,  atropine,  byascine, 
tematine,  and  candiclna;  amino  acids;  proteins;  ensymes  Including 
amylase,  invertase,  catalase,  peroxidase,  indole  acetic  acid  oxidasa, 
polyphenol  oxidase,  protease,  end  pectin  methylesteicse ;  carbohydrates 
including  starch;  glycosides;  organic  acids;  pigments  including 
chlorophyll,  carotenoids,  xanthophyll :  flavonoids,  and  on thocy tains; 
phenolic*;  tannins;  lignins;  saponins;  steroids:  terptioids;  antibiotics 
against  Staphlococcl  and  Mycobacteria:  and  growth  regulators 
(gibbertllins)  (4) . 


In  tha  past  few  years  mass  culture  of  plant  cells  has  been  achieved 
in  a  number  of  laboratories.  Nickell  and  Tulecke  at  Pfizer  (12,  13,  14, 
22)  grew  plant  cells  in  suspension  and  scaled  up  production  to  pilot 
plant  scale.  They  achieved  yields  of  3  g  (wet  weight)  per  liter  per  day 
for  carboy  cultures  cf  Ginako .  Ilex,  and  Loll urn  cells,  and  10  g  (wet 
weight)  per  liter  per  day  in  a  134  liter  pilot  plant  fensentor.  Tne 
last  was  a  two  day  run  using  a  heavy  inoculum.  Pfizer  had  hoped  to 
grow,  in  vitro,  tissues  of  plants  that  produce  valuable  pharmaceuticals 
or  other  products.  Because  of  the  10  -  2C~  coconut  milk  incorporated  In 
the  medium  and  the  slow  growth  rate,  the  economics  did  not  appear 
favorable.  Furthermore ,  it  has  been  repeatedly  shown  (19,  24)  that 
marked  biochemical  differences  may  exist  between  the  same  tissue  in 
culture  and  In  the  intact  plant.  Unfortunately  compounds  of 
pharmaceutical  interest  tend  to  occur  in  lower  concentrations  in  the 
cultured  tissue.  Pfizer  nas  dropped  its  plant  tissue  cultuie  project. 

Staba  at  the  University  of  Nebraska  (15,  16,  23)  has  also  grown 
mass  cultures  of  plant  tissues  hoping  to  produce  pharmaceuticals.  In  a 
dual  carboy  system  he  achieved  a  yield  of  4.7  g  (wet  weight)  of 
spearmint  tissue  per  liter  per  day  in  an  8-day  run.  In  Erlenmeyer 
flasks  he  obtained  a  yield  of  6.3  g  (wet  weight,  0.4  g  dry  weight)  per 
liter  per  day  in  15  days  growth. 
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Ana*  byrne  st  the  Quartermaster  Food  &  Container  Institute  la 
Chicago  (2,  3)  has  studied  the  mass  culture  of  plant  cells  as  an 
unconventional  food  source.  Her  greatest  success  was  with  carrot 
tissue.  Using  a  151  coconut  milk  medium,  she  achieved  yields  of  up  to 
6.1  g  (wet  weight)  par  liter  par  day  in  a  6  liter  carboy.  In  a  semi- 
continuous  system  yields  were  up  to  1.9  g  dry  weight  per  liter  of 
culture  per  day.  Froximate  analyses  of  the  carrot  tisaue  varied  widely 
depending  on  madia  and  growth  conditions,  but  the  range  was  from 
13  -  361  protein,  6  -  421  fat,  2-91  ash,  and  15  -  281  crude  fiber. 

Tulecke  has  continued  his  studies  of  mass  culture  of  plant  cells 
st  Boyce  Thomson  Institute  with  Air  Force  support  (20,  21).  He  now 
uses  no  coconut  ailk,  but  growa  hit  tisaue  on  fully  defined  (Muraahige) 
uadi  cm  in  a  seed-continuous  8  liter  "phytoetat."  At  intervals  of  one 
or  two  days,  about  a  liter  of  culture  was  harvested  and  an  equal  volume 
of  fresh  medium  added.  In  7  runs  totaling  222  days,  ha  harvested 
163  liters  of  rose  culture  with  an  average  freab  weight  of  112  g  (4.6  g 
dry  weight)  per  liter;  or  a  production  of  0.42  g  dry  weight  per  liter 
of  culture  per  day.  The  generation  time  was  7  to  8  days.  The  harvested 
tissue  had  3.41  dry  weight,  161  of  this  was  protein.  Less  dense 
cultures  had  up  to  191  protein,  flower  growing  cultures  had  less  protein 
(as  little  as  71).  Test  diets  were  prepared  for  weanling  mice  in  wbich 
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the  protein  via  supplied  by  either  rose  tissue  or  casein.  Mice  fed  over 
e  20  day  period  did  poorly  on  either  diet  as  compared  to  the  standard 
laboratory  Wayne  Lab-blox  feed.  It  appears  that  the  tost  diets  were  not 
veil  formulated. 

For  use  in  a  bioregenurative  system,  it  vould  be  desirable  to  have 
a  photosynthetic  plant  tissue  cultur*.  So  far,  this  has  not  been 
achieved.  Hild'  >randt  at  Wisconsin  has  selected  tissues  of  moderately 
high  chlorophyll  content.  ‘_om  a  number  of  edible  plants,  but  there  is  no 
apparent  difference  in  the  nu  ritional  requirements  of  these  from 
strains  lacking  chlorophyll  (8).  cultured  chlorophylloue  tissue  has 
been  shown  to  fix  carbon  dioxide  in  light  (9,  17)  but  in  contrast  to 
tissues  in  intact  plants,  the  fixed  carbon  does  not  appear  in  sucrose. 

In  general  there  appears  to  be  an  inverse  relation  between  chlorophyll 
content  and  growth  rate  (4,  16,  17). 

Current  studies  in  our  laboratory  are  directed  towards: 

(a)  better  understanding  of  growth  kinetics  and,  hence, 
development  of  useful  growth  indices, 

(b)  further  understanding  of  growth  and  nutritional 
requirements  in  an  attempt  to  develop  simple  economic  media, 

(c)  selecting  for,  inducing,  and  enhancing  chlorophyllous 
growth  in  an  attempt  to  attain  photoautotrophic  conditions  and 

(d)  defining  parameters  for  and  eventually  attaining  sound 
economic  continuous  mass-culture  systems. 
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Methods 


Kadi  *  used  in  chic  study  arc  shewn  in  Tablet  1-5. 

Cultures  acad  in  chit  study  (Table  6)  era  all  callus  cultures 
isolated  by  us;  most  froet  food  plants.  Saads  vara  sterilised  in  51 
calcium  bypochlorits  and  planted  without  rinsing  on  White's  medium  with 
agar,  then  grown  for  one  to  four  week*  at  ‘18°C  in  a  New  Brunswick 
Incubator  (G27)  under  continuous  white  fluorescent  light  (840  foot 
candles) .  Seedlings  were  cut  up  sceptically  and  small  pieces  were 
transferred  to  agar  slants  of  White's  medium  or  Mur&shlge  medium  with  or 
without  cupp laments ;  101  coconut  milk;  or  0.1  -  1.0  g/1  of  phytone 
(BBL) ,  trypton*  (Difco) ,  yeast  extract,  corn  steep,  proflo  (defatted 
cotton  seed  flour),  cr  casein  hydrolysate;  or  0.1  -  5.0  mg/1  of 
qC.  nephthaleneAcetic  acid,  2.4  dichlorophesoxyacetic  acid,  or  calcium 
pantothenate.  Plant  plecea  were  Incubated  for  several  weeka  in  the 
light  at  28°C  or  In  the  dark  at  24-28°C.  When  cellua  ticeua  formed  at 
c.it  surfaces  It  wee  transferred  to  fresh  medium  (date  of  isolation) . 
Cerrot  cell  cultures  were  isolated  from  mature  roof  rinsad  with  elcohoi 
and  a  cylindar  of  phloem  tieaue  removed  with  a  sterila  cork  borer.  This 
tissue  was  cut  up  and  handled  like  the  seedling  pieces.  Isolations  of 
callus  tissues  were  usually  made  4-6  weeks  after  placing  cut  up  tissue 
on  agar.  After  that  cultures  were  transferred  at  intervals  of  4-6  weeka 
and  incubated  in  tha  dark  or  light  at  28°C. 
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Table  1.  Vit,*'*  Medium  for  Growth  of  Plant  Tiasue  Cultures  (26) 


QSSSSS- f.nt 
Mg  S04 

Ca(HOj) 2  •  4  H20 

Na2S04  -  10  H20 

KC1 

NaH2?04  •  H20 

>fa  SO.  •  7  Ho0 
4  2 

Zn  SO.  •  7  H-0 
4  2 

H3  ®°3 
KI 

Ferric  tartrate 
Glycine 

Nicotinic  acid 
Thiamine 
Pyridoxine 
Sucrose 


ng/Llter 

360. 

200. 

200. 

SO. 

16.5 

4.5 

1.5 
1.5 
0.75 

40. 

3.0 

0.5 

0.1 

0.1 

20,000. 


pH  5.5 

Optional  additives 
Agar  6  g/L 

Coccnut  Milk  100  ml/L 
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Table  2 


Horeshige  end  Skoog  Mediu*  for  Growth  of  Plant  Tipsu^  Cultures 

(11). 


Component 


atg/Llter 


l  K03  1900. 

ira4  WO3  1650. 

Ca  CI2  *  2  HjO  440. 

Mg  S04  .  7  H20  370. 

ES-?04  P0, 

»fa‘S04  .  4  H20  22.3 

Zn  S04  •  4  H20  8.6 

H3  BO3  6.3 

KI  0.83 


Molybdic  acid 
Cu  S04  •  5  H20 
Co  Cl2  .  6  H7O 
Sodiua  SDTA 
FeS04  7  fi20 
Inoaitol 
Glycine 

Kicotinic  acid 
Pyridoxi ae 

Klnetin  (6-furfuryl  aainopurine 
Thiaaine 

2.4  dichloropheaoxyacatic  acid 
Sucrose 


0.25 

0.25 

0.25 

37.3 

27.8 

100. 

2 . 

0.3 

0.5 

)  0.32 

0.1 

(2,40)  0.05 

30,000. 


pH  5.5 

Optloag 1  additive; 

Agar  6g/L 

Phytcme  Ig /L 

napthaleneacetic  acid  (KM)  0.1  ag/L 
(oedt  2,43) 
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Table  Hi  Idebrandt ' s  C  Medium  for  Growth  of  Plant  Tissue  Cultures 

(7). 


Component  mg/Lf ter 

R*2so4  800.0 

C«(S03)2  .  4  H20  400.0 

Mg  S04  •  7  H20  130.0 

K  N03  80.0 

KC;  65.0 

N«H2P04  33.0 

Zn  S04  •  7  H20  6.0 

Mr.  S04  •  4  H20  4.5 

KI  3.0 

H5  B03  0.375 

Ferric  tartrate  40.0 

Glycine  3.0 

Ca  pantothenate  2.5 

Thiamine  0.1 

Qt  naphthalene  acetic  acid  (NAA)*  0.1 

Sucrose  20,000.0 


pH  5.5 

Optional  additives 
Agar  6g/L 

Coconut  Milk  10X 

2 ,4D  6ag/L  (*Ooit  NAA  «  D  medium) 
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T able  4 .  Bai'V«v  m.cv  u. j< _ «  _  ,  ,  _ 

-  *— *rt7  ncuiai  xor  urowth  of  Canbitaa  Ti*sma  (1). 


Coaponant 

.Hi/Liter 

Ca  W)3 

242. 

K  HO3 

85. 

KC1 

61. 

Mg  S04  .  7  H20 

42. 

K  H2  P04 

20. 

Pe  Cl2 

25. 

Yeast  Extract 

1,000. 

2.4D 

2.“ 

Sucrose 

40,000. 

pH  5.5 

Optional  additives 
Ag*r  6  g/L 
*9xlO^M 
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Table  5.  Tsuehiya  Medium  for  Grovth  of  Orcbld  Meriatems  (27) . 


Component 

«g/Liter 

%  so3 

525. 

(HH4)2  so4 

500. 

K  H2  P04 

250. 

Hg  S04 

250, 

Ca  H  PO. 

4 

200. 

Ferric  tartrate 

30. 

Tryptone 

2,000. 

Sucrose 

20,000. 

pH  5.5 

Optional  additives 
Agar  6  g/L 
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Tabla  6.  Plant  Call  Cultures  et  Fa  tick. 


Culture  XsoXatian 


JSl— 

?l«Pt 

Variety 

Pert 

1 

6/15/64 

Fappar- 
Capsieja  rp 

Sot  Vlat&joMca 

3  tea 

2 

6/15/64 

Carrot 

Pattens  earota 

LViknoira** 

Root 

3* 

6/15/64 

Squash 

Cucurbit a  pape 

Coesaelle 

Staa 

4* 

6/15/64 

Radish 

SLephsnuj  satlvue 

Cheap  lot* 

Staa 

5* 

u  !  \  z  /  a. 

Ladisn 

Cheap ion 

Staa 

6* 

6/15/64 

Kadi ah 

Cheap ion 

Staa 

7 

6/29/64 

Lettuce 

Uetoca  Mtlv4 

Grand  Rapids 

Laaf 

8 

7/  7/64 

Baca 

Phaaaolos  vulaaris 

Tender crop 

Laaf 

4* 

7/16/64 

Cue  caber 

Cue  tads  estiva 

Chine 

Staa 

10 

7/16/64 

Let toes 

Grand  Rapids 

Laaf 

li 

7/20/64 

Carrot 

Unknown** 

Soot 

12 

7/20/64 

Bass 

Tindtrcrop 

Staa 

13 

7/20/64 

Lattoea 

Crand  Rapids 

Laaf 

14* 

7/20/64 

Coewbar 

China 

Staa 

15* 

7/28/64 

Baca 

Ten dare rop 

Cot y Is don 

16 

7/28/64 

Cue  cat  bar 

China 

Stsa 

11 


(continued' 


t  \  s 

ituie  o. 

Culture  Isolation 


No 

D*tr> 

Plant 

Variety 

Part 

17* 

7/28/64 

Re  an 

Tendercrop 

Stem 

16 

7/28/64 

Carrot 

Unknown** 

Root 

19* 

7/28/64 

Cucumber 

China 

Stem 

2C* 

7/28/64 

Bean 

Tendercrop 

Stem 

22* 

7/28/64 

Marigold 

Tagetes  erecta 

Marigolds  on 
parade 

Stem 

23 

7/29/64 

Lettuce 

Grand  Rapids 

Leaf 

a  t 

4.H 

7 /29/ 64 

Lettuce 

Grand  Rapids 

Root 

25* 

7/29/64 

Marigold 

Marigolds  on 
parade 

Stem 

26 

7/29/64 

Marigold 

Marigolds  on 
parade 

Stem 

27 

7/25/64 

Marigold 

Marigolds  on 
parade 

Stem 

28* 

7/29/64 

Marigold 

Marigolds  on 

parade 

Stem 

29* 

8/  3/6* 

Bean 

Tendercrop 

Stem 

♦Culture  no  longer  on  hand 
♦♦Cultivated  -  purchased  m  market 
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Liquid  auaperaion  cultured  were  initietod  by  inoculating  a  piece  of 
cellue  tissue  fro*  an  agar  alaat  Into  a  shake  flaak.  Erlenaeyer  flaaka 
were  uac^  with  25  al  aedi.ua  per  125  al  flaak,  50  al  aedioa  per  250  al 
flaak  or  100  al  aediua  per  300  or  500  al  flaak.  Culture#  were  grown  on 
rotary  ahakera  (variable  apeeda)  in  the  dark  or  in  continuoua 
fluoreacent  light  cf  about  200  foot  candlaa,  or  on  a  reciprocating 
ahake r  (90  ettokaa  per  ainute)  in  the  dark,  it  28°C. 

Growth  was  aeaaured  aa  dry  weight  in  eg  per  al.  Static  cultured 
were  tcraped  froa  the  agar  vaahed  in  water  and  dried  at  80°C. 

Suapeneion  cultures  were  harvested  in  toto,  or  if  well  diaper?*^  t“o 
10  al  aaaplea  were  taken  with  a  large  opening  pipette,  filtered  by 
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Results 


Part  A.  Growth  of  plane  cell*  on  stolid  me dla . 

Experts* oc  1.  Effect  of  madlu*. 

This  experiment  was  designed  tc  select  the  best  cultures  for  further 
experimentation  end  to  select  s  suitable  basic  medium  for  their  cultiva¬ 
tion.  Media  used  were  White's  plus  101  coconut  milk.,  Muraahige,  or 
Hildebrandt's  C  plus  101  coconut  milk.  Preliminary  tests  had  shown  that 
growth  of  callus  tissue  was  very  slow  on  White's  or  Eildebrandt ' s  media 
in  the  absence  of  coconut  milk.  10  ml  agar  slants  were  inoculated  with 
about  10  mg  dry  weight  of  tissue  (1  mg  per  ml)  and  incubated  at  ?8°C  in 
light  or  dark  for  27-54  days.  The  values  shown  {Table  7)  represent  the 
best  weights  obtained  in  three  tests. 

Pepper  tissue  is  firm,  white,  end  slow-growing  with  a  crisp  texture 
end  a  faint  pepper  flavor.  It  does  not  turn  green,  and  does  not  differen¬ 
tiate  organs.  Carrot  tissue  is  friable,  fast  growing,  white  or  yellow  in 
the  dark,  green  in  the  light.  It  frequently  produces  adventitious  plants 
even  on  media  without  coconut  milk,  and  new  growth  types  frequently  appear 
in  these  cultures.  The  flavor  is  bland.  Radish  cultures  are  slow  growing, 
white  end  compact.  They  frequently  produce  roots.  Lettuce  cultures  are 
fast  growing  and  short  lived.  The  tissue  is  friable,  yellow  or  greenish 
in  the  dark,  very  green  in  light,  and  produces  a  soluable  yellow  pigment 
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Table  7.  Growth  of  Plant  Call  Culture*  on  Solid  Media  at  28°C  (27-54 
daya) . 


Dry  weight  (wg/ml)  uaing  (medium) 


Culture  (Ho) 

Muraahige 

Whits  CM 

Hildebrandt ' e  CM 

Pepper 

1 

1 

6.5 

_  _  4.0 

_ 

Carrot 

! 

i 

! 

2 

7.4 

10.2 

8.6 

11 

6.8 

9.4 

8.5 

18 

8.1 

9.3 

7  9 

Radish 

4 

3.7 

- 

5.7 

6 

1.9 

1.0 

- 

Lettuce 

7 

10.1 

10.5 

9.3 

10 

9.5 

8.9 

9.8 

13 

10.5 

12.2 

9.3 

23 

9.0 

8.0 

7.9 

24 

9.4 

9.0 

9.5 

Bean 

8 

11.6 

7.6 

8.8 

12 

6.7 

7.9 

7.1 

Cucumber 

i 

t 

9 

2.7 

2.2 

4.4 

14 

3.0 

- 

0.3 

16 

1.1 

C .  7 

2.7 

19 

2.0 

0.8 

2.8 

Marigold 

i 

25 

17.3 

8.6 

7.0 

26 

10.5 

7.8 

5.3 

27 

8.4 

4.3  i 

8.0 

28 

10.4 

8.1 

5.7 

CM  *  iOZ  coconut  milk 
-  -  Ho  teat 
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that  diffuses  into  the  agar.  CulCurea  in  the  light  differentiate  many 
email  leavea  and  plantleca.  Such  colturea  are  crisp,  taste  like  garden 
lettuce,  and  should  make  a  good  salad.  Bean  cultures  are  fast  growing, 
white  when  young,  but  turning  brown  as  the  culture  ages.  These  cultures 
do  not  turn  green  in  the  light  and  have  never  differentiated  leaves, 
roots,  or  plants.  Young  cultures  taste  like  rav*  bear.  Old  cultures  are 
bitter.  Cucumber  cultures  are  slow  groving,  white  and  friable  in  the 
dark,  green  in  the  light.  They  have  a  refreshing  odor  of  sliced 
cucumbers.  Marigold  cultures  are  ?«st  growing,  white  at  first,  but 
rapidly  turning  black.  They  do  not  turn  green  in  the  light.  They 
produce  an  abundance  of  adventitious  roots,  but  no  leaves  or  plants. 

Since  growth  of  these  cultures  on  the  fully  defined  Murashige 
medium  was  as  good  or  better  than  on  the  media  with  coconut  milk, 
Murashige  was  selected  as  the  basic  medium  for  maintenance  of  cultures 
and  further  experimntation. 

Experiment  2.  Effect  of  number  and  frequency  of  transfers. 

This  experiment  was  designed  to  investigate  growth  rates  of  currot, 
lettuce  and  bean  cells  on  Murashige  medium,  and  the  effect  on  these 
growth  rates  of  the  frequency  of  transfer.  All  cultures  were  grown  in 
the  d&rk  at  28°C  on  10  ml  agar  slants.  The  inoculum  was  cu:  into 
uniform  pieces,  each  slant  was  inoculated  with  a  piece,  five  pieces  were 
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dried  and  weighed  to  obtain  inoculum  weight.  Final  weight*  rapraaant  .>n 
average  of  2  or  3  cultures  (Tabla  8,  Figuraa  1,  2,  3). 

Baan  cultures  raachad  maximum  weight  in  about  3  vaaks.  This  was 
tha  only  cultura  that  grew  rapidly  enough  to  ba  maintained  with  a 
weekly  tranafar  (25-501  InocultmO  and  thla  series  bad  tha  most  rapid 
growth  rata  (Cl  -  1,5  par  waak) .  Baan  culturaa  tranafarrad  at  2  or  3 
waak  Intervals  ahowad  maximum  productivity  of  0.26  mg  par  ml  par  day. 

Lattuca  culturaa  shoved  a  graatar  lag  with  most  rapid  growth  froa  2-6 
w ee'»r  at  which  tiaa  maxima*  walght  waa  raachad.  Culturaa  daclined  in 
waight  aftar  6  waak*.  Carrot  call*  had  tha  longest  lag  and  did  not 
begin  growing  until  3  weeks  -  these  cultures  also  reached  marlmum  weight 
at  6  weeks  followed  by  a  decline.  It  is  interesting  that  these  cultures 
that  decline  in  old  age  also  show  a  long  lag  on  transfer. 

Part  B.  Growth  of  plant  cells  in  suspension. 

Experiment  1.  Effect  of  medium. 

As  in  Part  A,  thia  experiment  was  designed  to  select  the  beat  cul¬ 
tures  for  future  experimentation  and  to  select  tha  b*st  basic  medium  for 
their  cultivation.  Media  used  vara  White's  plus  10Z  coconut  milk,  Murashige, 
Hildebrandts’  C,  Becker  and  Tsuchiye.  Initial  transfers  grew  alowly  and 
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Table  8.  Effect  of  Frequency  of  Trenefer  on  Growth  of  Plant  Cell 
Cultures  on  Solid  Muraahige  Medium  In  the  Dark  et  28°C 

Transfer 


Interval 
Culture  Weeks 

No 

Transfers 

No 

Weeks 

Ava .  Inoc . 

■fc/ml 

Ave.  Final 
**/»! 

Ave.  GI 
per  week 

Ave.  P 
mR/ml/day 

2  carrot  1 

3* 

3 

0.40 

0.40 

0.2 

0 

2 

18 

36 

0.86 

2,00 

0.8 

0.08 

3 

11** 

33 

1.00 

2.80 

0.7 

0.08 

4 

9 

36 

1.50 

6.5C 

1.1 

0.15 

6 

6 

36 

1.90 

11.00 

0.7 

0.18 

8 

3* 

24 

1.70 

5.40 

0.4 

0.08 

7  lctt>oe  1 

5* 

5 

0.34 

0.50 

0.8 

0.02 

2 

18 

36 

0.93 

3.00 

1.1 

0.14 

3 

12 

36 

1.20 

5.50 

1.0 

0.21 

4 

9 

36 

1.70 

7.70 

1.0 

0.21 

6 

6 

36 

1.80 

9.80 

0.9 

0.19 

8 

3* 

24 

1.60 

6.00 

0.4 

0.08 

12  bean  1 

33* 

33 

1.20 

2.70 

1.5 

0.21 

2 

18 

36 

1.50 

4.10 

1.3 

0.26 

3 

12 

36 

1.90 

7.30 

1.4 

0.26 

4 

9 

36 

1.70 

7 .50 

1.0 

0.21 

6 

6 

36 

1.70 

7.80 

0.7 

0.14 

8 

5*** 

38 

1.80 

7  .-'0 

0.6 

0.07 

♦Discontinued  due  to  slow  growth 
♦♦Discontinued  due  to  contamination 
♦♦♦Last  transfer  grew  only  6  weeks 

GI  =»  Growth  Increment  *  Final  -  1  (dry  wt) 

Inoc 

P  *  Production  *  Final  -  Inoc  (dry  vt) 

No  days 
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AVERAGE  DRY  WEIGHT  INCR 


Fig.  2.  Effect  of  frequency  of  transfer  on  growth  of  plant  cells  on 
solid  Murashige  mediu*  over  a  36  week  period.  Dark  28°C. 
Growth  Jnerewent  and  productivity  figures  are  averages  for  the 
36  week  period. 

O" 1  o  carrot 

lettuce 

A~ ” --*A  bean 
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TRANSFER  INTERVAL  -  WEEKS 


I 


Pigure  2 
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0*04 


Pig.  3.  Effect  of  frequency  of  transfer  on  the  cumulative  growth 

increment  of  plant  cells  on  solid  Murashige  medium  over  a  36 
week  period.  Dark  28°C. 

transfer  every  week 
transfer  every  two  weeks 
transfer  every  four  weeks 
transfer  every  eight  weeks 
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Figure  3 
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often  as  large  masses.  However,  eoaa  cells  usually  sloughed  off  and 
grew  free  or  as  small  masses  In  the  mediim.  By  making  successive 
transfers  with  a  large  openlug  pipette  e  number  of  cultures  were 
obtained  that  grew  In  good  suspension.  All  cultures  show  a  strong 
tendency  to  vary  in  their  growth  characteristics  with  successive 
transfer.  Growth  potential  depends  as  much  on  a  good  inoculum  as  on  a 
suitable  medium.  Xnocula  were  around  0.5  mg  dry  weight  per  ml,  either 
solid  or  liquid  (101  by  volume).  Cultures  were  grown  in  the  light  or 
dark  at  28°C  for  23-69  days,  usually  24-40  days.  The  values  shown 
(Table  9)  represent  the  best  weights  obtained  in  two  to  ten  tecta.  They 
are  not  corrected  for  a  5-101  decrease  in  volume  due  to  evaporation  of 
the  medium  during  growth. 

The  pepper  and  cucumber  have  not  been  obtained  as  goed  suspension 
cultures,  but  grow  only  as  large  masses.  The  values  of  around  21  dry 
weight  obtained  for  cr. rot,  bean,  and  lettuce  cells  represent  60-7o«. 
conversion  tc  plant  cell  matter  of  the  31  sucrose  supplied  in  the 
medium.  Such  cultures  are  very  thick  and  do  not  settle  on  standing. 

The  condition  of  the  inoculma  baa  u  marked  effect  on  growth  of  plant 
cell  cultures.  For  suspension  cultures  the  best  inoculum  is  often  obtain¬ 
ed  from  cultures  thrse  or  four  weeks  old  (Figure  4).  In  these  cultures 
there  is  s  teg  of  one  o'*  two  weeks  followed  by  «  period  of  rapid  growth 
which  is  ftritoaetlc  rather  than  exponantial.  This  suggests  that  most  of  the 
calls  in  the  cultura  do  not  dlvida.  Microscropic  examinatior  of  older  cultures 
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Table  9.  Growth  cf  Plant  Celia  in  Suspension  Culture  at  ,’80C  (23-69 
day*) . 


Dry  weight  («g/al)  in  (medium) 


CuUure  (Wo)  Muraahiga  9hlte  CM  Hildabiandt  CM  lauchlva  Backer 


Peppar 

1 

4.4 

0.4 

2.8 

- 

- 

Carrot 

2 

21.0 

15.0 

10.0 

13.0 

6.7 

11 

3.9 

- 

3.0 

8.7 

3.7 

18 

15.0 

5.8 

8.2 

15.0 

2.9 

Radish 


4 

2.2 

5.3 

- 

- 

- 

5 

0.4 

- 

- 

- 

- 

6 

0.5 

- 

- 

- 

- 

Lettuce 


7 

10.0 

9.0 

6.5 

3.5 

5.2 

10 

3.0 

- 

2.8 

1.9 

3.3 

13 

18.0 

7.2 

8.6 

2.0 

12.0 

23 

0.2 

- 

6.9 

- 

- 

24 

14.0 

*■ 

9.4 

2.4 

7.2 

Bean 


8 

23.0 

12.0 

6.7 

- 

- 

12 

11.0 

10.0 

6.6 

8.9 

- 

15 

- 

•• 

0.3 

- 

- 

17 

- 

- 

0.2 

- 

- 

20 

- 

- 

5.0 

- 

- 

Cucumber 

9 

1.9 

1.6 

2.0 

0.7 

0.7 

14 

- 

- 

0.8 

- 

- 

16 

0.6 

1.0 

1.6 

- 

• 

1? 

• 

• 

1.2 

** 
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Table  9. 


(continued) 


Dry  weight  (ag/ml)  in  (aediu») 

Culture  (Mo)  Huraahige  White  CM  Hildebrandt  CM  Tauch  va  Becker 
Marigold 


22 

- 

- 

3.7 

- 

- 

25 

3.0 

- 

4.4 

4.2 

3.2 

26 

5.8 

- 

4.4 

- 

« 

27 

- 

- 

3.5 

- 

- 

28 

8.1 

- 

2-0 

- 

- 

CM  ■  10”  v/v  coconut  ailk 
-  *  Ho  Taet 
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rsveals  sutr.v  cell  fragments.--  Doubling  times,  depending  on  which  part  of 
Ch*  curve  is  exa*in*dr  range  fro®  3  to  12  day*.  In  othar  curves  (not 
shown)  doubling  rimes  of  1  or  2  day  a  have  bean  observed. 

Variations  in  growth  on  different  saidis  are  shown  (Figure  5'  . 

These  cultures  were  inoculated  fro®  suspension  cultures  on  Hursshige 
tedium,  2  or  3  weeks  old.  Phytone  often  causes  a  marked  stimulation  of 
growth  on  Murashige  medium,  especially  for  young  culture*. 

As  a  result  of  these  studies,  Murashige  medium  was  selected  as  the 
basic  medium  for  all  cultures,  since  it  supports  growth  as  well  or 
better  than  other  media,  and  in  addition  ia  fully  defined. 

Experiment  2.  Effect  of  number  and  frequency  of  transfers. 

This  experiment  was  designed  to  study  the  effect  of  frequency  of 
transfer  on  the  growth  rate  of  suspension  cultures  of  plant  cells.  Our 
hope  was  thi.t  frequently  transferred  cultures  would  show  an  increase  in 
growth  rate.  Six  culture*  (Carrot  Ho  2  and  18 ;  Lettuce  No  7  and  13; 

Bean  No  8  and  12)  were  grown  in  the  dark  on  the  reciprocal  shaker  on 
Murashige  medium  with  no  supplement  (M)  or  with  addition  of  one  gram  per 
liter  of  pbytone  (HP)  or  tryptone  (Ml),  and  transferred  at  interval!  of 
one,  two,  three,  four,  five  and  six  weeks  for  23  weeks.  A  10X  (by 
volume)  inoculum  was  used.  All  cultures  were  grown  in  the  dark  on  die 
reciprocating  ahaker  at  28°C.  Dry  weights  were  taken  on  duplicate  10  ml 
samples . 
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Pig.  4.  Iffect  of  age  of  inoculum  on  growth  of  plant  cell  suspension 


culturea  on  Muraahige  medium.  Dark  28°C. 

10Z  (v/v)  inoculum  from  auapenalon  culture. 

Inoculum  age  A  ora  veek,  two  weeka ^Q^thtee  weeks, 
^four  weeks, Q  five  weeks,  £  six  weeks. 


X 


DAYS 


DRY  WEIGHT  mg  PER  ML 


Figure  4 
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Fig.  5.  Effect  of  medium  on  growth  of  plant  cell  suspension  culture*. 
Dark  28°C. 

10Z  (v/v)  inoculum  from  suspenaion  culture  on  Murashiga  medium. 
Inoculum  age  bean  (2)  -  2  weeks;  bean  (3),  carrot,  lettuce  - 
3  weeks. 

Q“  r“"  ■  ^^Muigahlge  (M) 

-m(^Kuraahige  +  1  g  phytone  per  L  (HP) 

A- — A  Hildebrandt  C  (C) 

A*“**“*<A Hildebrandt  C  +  1  g  phytone  per  L  (CP) 


30 


20  SO  10  2D  X) 


DAYS  GROWTH 


Figure  5 
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Although  not  *11  aeries  vert  tct  up,  and  scat  were  not  completed, 
because  of  either  elov  growth  rate  or  contamination,  a  great  quantity  of 
data  were  collected  in  this  experiment.  Selections  from  it  are  shown 
(Tables  10,  11,  12;  Figures  6,  7,  8,  9,  101.  All  cultures  were 
variable.  A  culture  would  increase  in  growth  rate  for  a  while  and  then 
without  any  apparent  reason,  a  decline  would  occur.  Or  a  poorly  growing 
serla*  would  suddenly  begin  groving  vigorously. 

Growth  incretMnt#  usually  did  not  exceed  15  per  week  when  good 
inoculum  was  used.  However,  occasionally  a  culture  with  a  very  small 
inoculum  would  suddenly  begin  to  grow,  resulting  in  an  abnormally  hirh 
value  for  the  growth  increment.  Such  cultures  never  maintained  this 
high  growth  increment  in  succeeding  transfers.  The  extreme  cases 
observed  were: 


Culture 

Medium 

Series 

Inoculum 

Final 

GI 

GI  per  week 

8  been 

M 

l  wk 

. 13mg/ml 

11 .2mg/ml 

85. 

85. 

13  lettuce 

M 

2  wk 

. 13mg/al 

12 .4ag/ml 

94. 

47  . 

18  carrot 

MT 

1  wk 

.02mg/ml 

.35tcg/n.-i 

41. 

41, 

18  carrot 

KT 

1  wk 

.03mg/al 

1 .9wg/ml 

62. 

62. 

18  carrot 

HT 

2  wk 

.04mg/ml 

4.2ag/ml 

104. 

52. 

Such  values  would  not  have  occurred  if  inoculum  had  been 
standardized  by  weight  instead  of  volume.  These  values  do  suggest  that 
occasionally  for  brief  periods  exponential  growth  does  occur  in  these 
plant  cell  cultures.  Values  for  growth  increment  per  week  were  highest 
in  cultures  transferred  weekly  and  declined  as  the  transfer  interval 
lengthened  (Figures  6,  7,  8,  91. 
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J  |  Tranaier 

6  week*  5  weeks  j  4  weeks  3  weeks  2  weeks  I  1  week  Interval 


Table  10.  Effect  of  Frequency  of  Tranafet  on^Grewth  of  Suspension 
Culture*  cf  Carrot  Cells  Dark  28~C. 


f 

i 

Culture  No. 

! 

2 

1 

|  Culture  No. 

18 

_T  > 

K 

K? 

HT 

|  M 

HP 

ST 

No  weeks 

19 

19 

14 

f 

16 

IS 

16 

Ave  ? 

0 . 46 

0.65 

0.75 

0.10 

0.22 

0.20 

Av#  GI 

10. 1 

U.2 

10.4 

9.6 

10.0 

34.6 

Avc  final 

wt 

3.6 

5.1 

5.8 

0.59 

1  .  - 

2.3 

1.6 

He  weeks 

a  a 

22 

16 

26 

24 

16 

Ave  P 

0  5u 

0.48 

0.55 

0.31 

0.25 

0.38 

Ave  01 

6.2 

6.5 

6.2 

8.8 

9 . 5 

12.8 

Av*  final 

wt 

7.5 

7.5 

6.3 

4.9 

3 . 7 

6.0 

Ho  weeks 

24 

24 

6 

2? 

27 

6 

Ave  P 

0.37 

0.37 

0.14 

0.17 

0.23 

0.25 

Ave  GI 

4.1 

3.6 

2.6 

5.7 

7.1 

7.2 

Ave  final 

wt 

8.5 

8.5 

3.4 

4.0 

5.2 

5.3 

Ho  week* 

28 

15 

S 

28 

20 

8 

Ave  r 

.19 

.26 

.23 

,22 

,25 

0.40 

Ave  GI 

2.9 

6.0 

2.4 

3.3 

2.7 

2.1 

Ave  final 

wt 

5.3 

7.4 

7.7 

6.5 

6.8 

12.0 

! 

Ho  weeks 

20 

10 

. 

P| 

10 

Ave  P 

0.21 

0.18 

- 

ill 

0.21 

- 

Ave  GI 

2.8 

3.2 

- 

2.6 

• 

Ave  final 

wt 

3.0 

6.9 

- 

•9.8 

No  weeks 

18 

12 

IS 

h 

Ave  P 

0.19 

Q .  20 

- 

0.20 

0.14 

- 

Ave  GI 

2.5 

2.9 

- 

2.0 

1.7 

Ave  final 

wt 

8.5 

8.6 

** 

8.9 

6,2 

- 

P«ag  dry  wt  per  ml  per  day  M  ■  Murashige  Medium 

G1  »  growth  increment  per  week  KF  »  H  +  1  g  Phytone/L 

IfT  *  M  +  1  g  Tryptone/L 


final  vt 
Inoculum 


1 
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Table  11.  Rffact  of  Frequency  of  Transfer  cn  Growth  of  Suspension 
Cultures  of  Lettuce  Cells.  Dark  28°C. 


U 

«  4 

*3  l 

§  2 

U  C 

i 

Med iv* 

Culture  Ho. 

M  HP 

7 

HT 

Culture  Ho. 

M  HP 

13 

MT 

• 

jNc  weeks 

22 

26 

IS 

26 

26 

18 

lAv#  P 

0.14 

0.24 

0.23 

0 . 3j 

0.38 

0.47 

Ave  GI 

5.8 

4.8 

4.9 

7.9 

5.8 

6.4 

fS! 

Ave  final 

wt 

1.1 

3.7 

3.6 

5.0 

6.1 

6.4 

Ho  weeks 

2/ 

24 

6 

27 

27 

6 

.* 

V 

Ave  P 

0.13 

0.15 

0.12 

0.18 

0.31 

0.26 

? 

Ave  GI 

4.8 

4.7 

3.8 

3.1 

3.9 

7.0 

r> 

Ave  final 

wt 

3.G 

3.5 

2.5 

4 .  i 

7.4 

5.6 

m 

Ho  weeks 

23 

20 

8 

28 

20 

8 

-atf 

Ave  P 

j 

0.07 

0.19 

0.24 

0.22 

0.25 

0.40 

J 

Ave  GI 

3.2 

4.4 

3.8 

3.3 

2.7 

2.1 

> 

, 

Ave  final 

wt  | 

2.1 

5.3 

7.3 

6.8 

6.8 

0.12 

! 

«  ! 

a 

No  weeks 

15 

20 

10 

20 

15 

M 

« 

Ave  P 

3.12 

0.24 

0.27 

0.25 

0.26 

- 

$ 

Ave  GI 

2.4 

2.7 

2.3 

2.2 

2.3 

- 

l 

-  -■  i 

Ave  final 

wt 

4.8 

9.0 

11.7 

9.7 

9.6 

- 

! 

*8 

Ho  weeks 

18 

12 

18 

12 

Ave  P 

.12 

.28 

- 

.19 

.31 

- 

s 

Ave  GI 

1  7 

3.2 

- 

1.6 

2.5 

- 

Ave  final 

wt 

5.5 

13 .4 

• 

8.7 

13.5 

• 

Sec  Table  10 
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6  weeks  5  weeks  4  weeks  3  weeks  2  weeks  1  week 


Table  12.  Effect  of  frequency  of  Transfer  oc  Growth  of  Suspension 
Cultures  of  Been  Cells.  Perk  7S°C. 


u  —I 

•  e 

-  t 

52 

u  a 

H  M 


no  weeks 

|lve  P 
Eve  GI 

kve  final  wr. 


Medium 


Culture  So.  8 
M  HP  KT 


1  18 
0.33 
11.4 
2.? 


— 

26 

26 

- - •< 

20 

Zsj 

26 

18 

0.66 

0.75 

0.83 

0.44 

0.6? 

0.74 

I  4.9 

5.5 

5.7 

6.0 

5.2 

5.7 

|  10.5 

I 

11.5 

12.8 

6.3 

10.5 

10 . 7 

19 

1.12 

10.0 


18 

0.39 

7.7 

3.1 


Culture  So.  12 
H  MF  ! 


19 

.45 

11.1 

3.5 


19 

.78 

9.9 

6.0 


19 

.8i 

10-2 

6.2 


4o  weeks 

We  P 
We  Gl 

We  finel  wc 


No  weeks 
Kve  P 

kve  Gl 

kve  finel  wt 


■Jo  weeks 
We  P 
We  GI 

We  fir.el  wt 


27 

0-52 

3.2 

12.7 


)5 

0.38 

2.6 

9.5 


6 

0.6' 

2.9 

li.4 


28 

0.45 

2.5 

14.0 


16 

0.35 

8.8 

12.0 


8 

0.45 

2.8 

14.0 


27 

0.35 

4.1 

8.0 


21 

0.25 

4.2 

5.8 


28 

0.20 

5.5 

6.2 


It? 

0.09 

2.2 

2.6 


b 

C .  39 

3.2 

3.8 


4 

0.01 

0.8 

0.20 


ffo  weeke 
Uve  P 
Uve  GI 
kve  final  wt 


So  weeks 

We  P 
eve  GI 

fivt  finel  vt 


20 

0.32 

3.5 

13.3 


10 

0.35 

1.7 

14.0 


15 

0.12 

3.8 

4.6 


1C 

0.16 

2.3 

6.0 


18 

0.24 
1.5 
1 1 .  1 


t 

0.33 
2.7 
14  0 


18 

0.22 

2.5 

10.1 


12 

0.27 
2.9 
11 .1 


See  Table  10 
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Pig.  6.  Effect  of  frequency  of  transfer  on  growth  rate  of  suspension 


cultures  of  plant  cells  over  a  28  week  period.  Dark  28°C. 


Murashige  mediuii 

Murashlpe  +  l  g  phvtone  per  L 


3; 


i  i - 1 - i - s - 1 - r 

0  1  2  3  4  5  6 


T - 1  !  I  T 

!  2  3  4  5 


TRANSFER  INTERVAL- WEEKS 


F)g.  7.  Effecc  of  frequency  of  transfer  on  cumulative  growth  increment 
of  carrot  ceils  in  auapension  cult  <re  o:.  MuraaMge  medium. 

Dark  28°C. 


tranafer  ev.»ry  week 
transfer  every  two  weeka 
tranafer  every  three  weeka 
rranafer  every  four  weeks 
tramfer  every  five  weeks 
transfer  every  six  weeks 


Fig.  8.  Effect  of  frequency  of  transfer  on  cumulative  growth  Increment 


of  been  cells  in  suspension  culture  on  Mureshige  medium. 
28°C. 


transfer  every  week 
transfer  every  two  weeks 
transfer  every  three  weeks 
transfer  every  four  weeks 
transfer  every  five  weeks 
transfer  every  six  w»eks 


Dark 


^*0 


Fig.  9.  Effect  of  frequency  of  transfer  on  cumulative  growth  increment 
of  bean  cells  in  suspension  culture  on  Murashige  medium 
supplemented  with  one  gram  of  phytone  per  liter.  Dark  28°C. 


transfer  every  week 
transfer  every  two  weeks 
transfer  every  three  weeks 
transfer  every  four  weeKs 
transfer  every  five  weeks 


-2 


CARROT 


TRANSFER  INTERVAL -  WEEKS 
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Figure  9 


Pig.  10.  Kffact  of  frequency  of  transfer  on  productivity  of  dry  Mtter 
in  suspension  cultures  of  plsnt  cells  over  a  28  week  period. 


Murashige  aediu* 

Murashige  +  1  g  phytone  per  L 
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Since  our  objective  i>  production  of  cell  mess  the  figures  for  dry 
weight  produced  in  mg  per  ml  per  dey  ere  really  mote  meaningful  than 
growth  increment.  The  beat  values  obtained  for  P  were: 


Culture 

Medium 

Series 

Transfer  No. 

P  mg  per  ml  per  ds 

Bean 

M 

1  wk 

19 

1.65 

Bear. 

HP 

1  wk 

4 

1.70 

Bean 

MT 

1  wk 

13 

1.91 

Carrot 

H 

1  wk 

19 

1.14 

Carrot 

MP 

1  wk 

19 

1.33 

Carrot 

MT 

1  wk 

3 

1.09 

Lettuce 

M 

2  wk 

12 

0.88 

Lettuce 

KP 

2  wk 

12 

0.33 

Lettuce 

MT 

2  wk 

b 

0.64 

Average  values  for  P  were  greatest  on  MP  medium  in  the  series 
transferred  weekly.  The  beat  values  on  M  medium  usually  occuned  in 
the  series  tranaferred  every  other  week  (Figure  10).  In  any  series, 
values  for  P  fluctuated  with  successive  transfer,  but  the  long  range 
trend  for  abort  intervals  transfer  was  towards  an  increase  in  ?  value 
(data  not  shown),.  This  suggests  that  we  were  having  some  success  in 
selecting  line  of  cells  adapted  to  growth  on  the  shaker.  So  far  we  have 
failed  to  stabilise  such  cultures.  . 

Addition  of  p'nytone  (hydrolyzed  soy  protein)  is  often  favorable  to 
young  fa3t-groving  cultures.  In  older  or  slower-growing  cultures, 
soluble  nitrogenous  compounds  to  nourish  meristematic  cells  are  probably- 
secreted  by  mature  ceils  or  released  by  broken  cells. 


Experiment:  3.  Effect  of  th ickemng  agents 


(>ne  cause  of  our  failure  to  obtain  exponential  growth  in  snake 
culture*  could  be  that  the  large  highlv  vacuolated  thin  wailed  plant 
cella  were  damaged  by  the  shaking.  In  an  attempt  to  prevent  auch  damage 
we  added  various  colloidal  nat. trial*,  mostly  polysaccharide#,  at  4  g  per 
liter  to  the  medium  (Table  13).  All  auch  media  foamed  excessively  and 
were  very  alow  to  filter  suggesting  they  would  be  difficult  to  handle 
under  mass  culture  condition*..  Therefore,  in  spite  of  some  favorable 
effects,  especially  for  lettuce  cells,  these  agents  have  not  been  used 
again. 
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Table  13,  Effect  of  Thickening  Agents  on  Growth  of  Plant  Cell 

Suspension  Cultures  Murashige  Medi'..-:  +  lg  phytone  per  L  - 
dark  28°C.  28  days. 


Additive 

Carrot  No  2 

Littt.ce  No  7 

Bean  No  8 

Bean  No  12 

0,4* 

Drv  Weight  mg  per  ml 

None 

7.9 

1.6 

8.5 

6.6 

Dextran 

7.S 

2.7 

8.5 

9.7 

Carageenin 

5.4 

2.0 

5.7 

7.0 

Guar  Gum 

6.0 

4.9 

9.8 

8.4 

Alginic  acid 

8.6 

7  .  1 

8.° 

10.9 

Gelatine 

4.9 

1.4 

6.5 

8.0 

Pectin 

10.4 

0.8 

4.3 

9.3 

CHC40 

7.5 

2  8 

13.8 

10.7 

CHC70 

8.8 

5.4 

3.4 

7  .4 

HEC 

5.7 

4.4 

0.6 

8.0 

Cellulose  acetate 

8.4 

2.6 

1.3 

4.9 

Mechylcelluloae 

5.0 

2.5 

5.1 

5.6 

Cellulose  SO. 

u 

4.9 

3.4 

7 .6 

8.3 

Car bo wax 

4.8 

4.4 

9.9 

9.2 

FVPK90 

4.0 

2.5 

8.3 

8.6 

PVP189 

5.1 

2.3 

7.8 

6.2 

CMC  carboxyaethyl  cellulose 
HEC  hydroxyethyl  cellulose 
PVP  polyvinylpyrillidore 
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Discussion 


This  study  was  carried  out  to  invaatigate  the  growth  of  plant  cells 
on  aimple  tandi*  and  the  feasibility  of  growing  such  cells  for  food*  We 
find  that  callus  cultures  ran  be  readily  isolated  from  many  edible 
plants  and  maintained  for  well  over  a  year  on  the  fully  defined  tttdium 
of  Murashige  and  Skoog.  Growth  of  plant  cell  cultures  after  an  initial 
lag  ia  linear,  rather  than  exponential  as  found  for  many  microbial 
cells.  Although  exponential  growth  of  cultured  tobacco  cells  has  been 
reported  (5]  this  represented  an  increase  in  dry  weight  only  fror  ibout 
0.06  to  1.0  mg  per  ml.  In  our  experiments  inoculum  weights  were  usually 
from  0.5  to  1.0  mg  per  ml  end  growth  continued  to  10  mg  per  ml  or  more.. 
Similar  growth  curvea  are  found  for  intact  plants  since  cell  division  is 
restricted  to  a  few  meriatemetic  regicna. 

We  have  used  two  indices  of  growth  -  growth  increments  per  unit 
time,  and  productivity  of  dry  matter  in  mg  per  ml  per  day.  The  growth 
increment,  which  ia  s  multiplication  factor,  tends  tc  be  inversely 
proportlo  .si  to  inoculum  size  because  of  the  linear  growth  curve.  In 
static  cultures  (on  solid  media)  maximum  dry  weights  of  up  to  12.5  mg 
per  ml  of  medium  are  attained.  Suatained  growth  increments  over  a 
36-weak  period  averaged  0.2  -  1.5  per  week.  The  higher  figure  was  tor 
bean  cells  transferred  weaxly.  Productivity  of  dry  matter  ranged 
from  0.02  -  0.26  mg  per  ml  per  day.  In  suspension  cultures  (on 
liquid  media)  maximum  dry  veighta  of  up  to  23  mg  pet  ml  were  obtained. 
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Sustained  growth  Lncra»anta  over  a  28™»eek  period  ranged  frow  0.8  -  14.6 
per  week.  Production  of  dry  wetter  ranged  from  0.0/  -  1.12  ag  per  ml 
per  day.  The  highest  figure  was  for  hear,  cells  on  mediu*  supplemented 
with  phytone  and  transferred  weekly.  There  was  some  tendency  for 
frequently  transferred  cultures  to  show  an  increasing  growth  rate,  and 
for  infrequently  transferred  cultures  to  decline  in  growth  rate.  It  is 
r.oaaonly  observed  that  stability  is  the  exception  in  piar.t  cell  cultures. 
Growth  rates,  capability  for  differentiation,  and  nutrient  requirements 
all  vary  (10) .  Our  results  include  many  examples  to  support  this 
atstesent,  but  despite  fluctuations  the  production  of  dry  matter  under 
controlled  conditions  does  vary  around  a  steady  state.  Yields  of  cur 
fastest  growing  culture  (bean)  are  compared  with  yields  reported  by 
other  workers  (Table  14) .  Is  s  sustained  yield  of  one  isg  per  ml  per 
day  good  enough  for  profitable  production?  If  not,  how  much  can  va 
hope  to  increase  yields? 

How  do  these  values  compare  to  yields  of  plsr t  matter  from  conven¬ 
tional  crops?  Values  of  from  one  to  eighty  metric  tons  of  dry  organic 
matter  per  hectare  per  year  have  been  reported  for  plants  growing  under 

optimise  conditions  (25)  (Table  15).  a  metric  ton  is  10 00  kg  or  10'  mg. 

2  8  2 

A  hectare  is  one  hectometer  (100M)  or  10  c*  .  Therefore,  one  aetri'- 
ton  per  hectare  equals  10  mg  per  c®^  per  year  or  0.027o  ag  per  ca^  per 
day,  and  80  metric  tons  par  hectare  equals  2,2  mg  per  cm  per  day.  It 
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Tab.le  14.  Yleldo  of  Plant  Cell  Material  In  Su open a ion  Culture. 


i 


*Coconut  milk  10-15%. 


Table  15.  Plant  Yields  in  Total  Dry  Organic  ;Ash  Free)  Matter  in  Metric 
Zim  per  Hectare  per  Year.  After  Weatlaice  1963  (25). 


Rainforests,  perennials  cultivated  ir.  tropics  50-80 

A'  ‘-in  savage  ponds  +  excess  CO2  45 

Fertile  reed  svamps  30-45 

Coniferous  forests,  cultivated  perennials  25-40 

Karine  plants  21-40 

Deciduous  forests,  cultivated  annuals, 

uncultivated  herbs  10-25 

Fresh  vater  macrophytes  13-21 

Phytoplankton  1-9 
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is  difficult  to  sake  «  diract  comparison  betwean  values  based  on  volusc 
and  area,  but  it  would  appear  that  at  present  cur  yields  in  culture  are 
of  the  saue  order  of  magnitude  as  crops  grown  conventionally  under 
optimum  conditions  where  year  round  agriculture  is  possible.  However, 
the  conventionally  grown  plant  contains  a  high  percentage  of  inedible 
waste.  The  cultured  cell  presumably  will  bs  entirely  edible.  Moreover, 
we  hone  that  we  can  achieve  a  productivity  of  10  ssg/iil.'day  or  greater, 
to  give  us  a  decided  advantage  over  conventional  agriculture. 
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IS  AtITRACT 


Callus  structures  have  been  isolated  f rent  a  number  of  edible  plants  and 
Maintained  on  simple  defined  media  for  extended  periods.  Growth  rates  are 
slow  in  etwperiaon  to  other  microbial  systems,  an*1  increase  tends  to  be  linear. 
Static  cultures  on  solid  media  double  in  5-10  days,  yield  up  to  0.26  mg  dry 
weight  per  tal  per  day,  and  attain  a  maximum  weight  of  about  12  mg  dry  weight 
per  ml.  Suspension  cultures  double  in  2-5  days,  yield  up  to  1.1  mg  dry  weight 
per  ml  per  day,  and  attain  a  maximum  weight  of  about  23  mg  dry  weight  per  ml. 
These  growth  rates  are  of  the  same  order  of  magnitude  as  those  for  higher 
plants  growing  conventional ly.  Considerable  improvements  in  these  growth 
rates  will  be  required  before  use  of  plant  cell  cultures  aa  food  can  be 
realised  economically. 
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